Chittagong is the second most populated city in Bangladesh where drinking water is supplied using small jar. Water quality is an important concern for the consumers and, therefore, the present study was done by collecting 38 drinking jar water samples from Chittagong City, Bangladesh to determine the microbial contamination and physiochemical properties. Molecular study was done by the PCR amplification of 16SrDNA, LacZ and uidA gene for the identification of bacteria, coliform and fecal coliform. TVC, MPN and different biochemical test were done for enumeration and identification. TDS, pH, and metals (Fe, As, Pb and Cr) concentration were also measured. No heavy metal (As, Pb and Cr) was found in any of the water samples but Fe was detected in low concentrations (0.02-0.05 mg/l). TDS and pH level were normal in all samples. But microbial contaminations were (60.53 and 50%) recorded in molecular and biochemical test, respectively. The range of total bacterial count was (1.5 × 10 2 -1.6 × 10 4 ) cfu/ml. The total coliform count (TCC m ) was recorded (14-40) in 100 ml of water samples. The presence of total coliform and fecal coliform was 26.32 and 18.42%, respectively, in PCR analysis but in biochemical test those were 18.42 and 15.78%, respectively. A total of 11 bacterial species: Enterobacter aerogenes, Escherrichia coli, Aeromonas, Bacillus sp., Cardiobacterium, Corynebacterium, Clostridium, Klebsiella sp., Lactobacillus, Micrococcus sp., Pseudomonas sp. were found. This study indicates that some of the drinking jar water samples were of poor quality which may increase the risk of water-borne disease. Hence, the producer of drinking jar water has to implement necessary quality control steps.
Introduction
Supply of safe drinking water can improve people health, improve their productivity and livelihoods. Sustainable development and poverty reduction can be achieved by the availability and accessibility of clean fresh water (Tekpor et al. 2017) .In Bangladesh filtered commercially supplied drinking jar water is distributed on restaurants, cafeteria, medical, school, diagnostic center, residential areas and almost in all industries and offices as pure water. It is consumed by the majority of the population in Chittagong City, Bangladesh. This crowded city has been suffering from various water-related problems along with insufficient drinking water supply (Zuthi et al. 2009 ).
The quality of drinking water may be ascertained by its microbiological and some important physiochemical test such as pH, TDS and metal concentration. Detection of bacterial contamination and physicochemical properties have attracted great attention worldwide due to public health impacts. Naturally found some opportunistic pathogens may cause disease in immune suppressed people, mostly among infants and young children. Pseudomonas aeruginosa, Klebsiella sp., Aeromonas sp. and certain slow growing bacteria are the common example of opportunistic organisms (WHO 1993) . Ten major water-borne diseases are accountable for over 28 billion disease episodes annually in developing countries, where diarrheal diseases are the big killers especially in infants and diarrheal disease is highly endemic also (Clasen et al. 2007 ).
The prevalence of fecal indicator and heterotrophic bacteria with levels exceeding drinking water guideline has been reported (Olaoye and Onilude 2009; Kassenga et al. 2007; Svagzdiene et al. 2010) . Pathogenic microorganisms in bottled water can multiply during storage and can reach a level which can be detrimental to consumers. Microorganisms such as Aeromonas sp., Pseudomonas sp., Shigella sp. and Salmonella sp. have been demonstrated to survive and multiply in bottled water (Ahmed et al. 2013 ). Consequently to ensure that bottled water is safe for drinking, quality standards have to be strictly enforced. According to WHO (2004) , the number of fecal coliforms should be zero in drinking water.
Biochemical as well as cultural methods for the detection of bacteria and coliform have some drawbacks such as long incubation period, contamination with other microorganisms, lack of precision and required sensitivity and poor identification of VBNC (Viable but not culturable bacteria) bacteria. But molecular techniques are accurate, rapid and sensitive method for the study of specific pathogenic bacteria (Clifford et al. 2012) .
Water-borne diseases can often be attributed to exposure to increase level of heavy metal concentrations of both organic and inorganic contaminants which exist naturally, but their concentration has increased as a result of anthropogenic activities (Huang et al. 2014) . Generally, human is exposed to different heavy metals by ingestion of drinking water. These heavy metals like arsenic, barium, cadmium, chromium, lead, mercury, selenium, silver, etc. can cause different life threatening disorders like cancer, asthma, etc. in human (Lars 2003) .
The primary aim of this study was to assess the microbiological contamination, concentration of metal like-Fe, As, Pb and Cr and physicochemical properties-pH and TDS of commercially supplied drinking jar water in Chittagong City, Bangladesh. Therefore, this research will play a great significance in addressing the public health concerns that are being generated by the supplied drinking jar water phenomenon in developing countries, especially Bangladesh. Moreover, this research will shed light on the necessary steps to ensure safe and quality drinking water supply in city areas.
Materials and methods

Study area
Twenty-six areas in the Chittagong City of Bangladesh were selected for this study Fig. 1 . The areas that cover the Chittagong city where drinking jar water is sold by hawkers. 
Water sample collection
A total of 38 commercially supplied drinking jar water samples were collected from residential locations of 26 different areas of Chittagong Metropolitan Area (Fig. 1) . The samples were collected in two sets of sterile capped containers where one set is for physiochemical tests and another for microbiological analysis. The collected samples were taken to the laboratory on ice clean containers (Marzan et al. 2017) . Samples for microbiological analysis were stored at 4 °C before commencement of analysis and samples for physiochemical tests were analyzed immediately. Hygienic and aseptic practices were executed during sampling of drinking jar water.
Physiochemical analysis
At first pH was measured by pH meter. SS, TDS and TS were also measured manually. Concentrations of Iron, Arsenic, Lead and Chromium (Fe, As, Pb and Cr) were analyzed in all brands of drinking jar water samples using standard atomic absorption spectrophotometric methods (Shimadzu AA-7000, Japan).
Microbiological analysis
Enumeration
Microbial population was enumerated using total viable count (TVC) method. TVC was conducted on nutrient agar media by means of serial dilution agar plating method (Marzan et al. 2017) . For agar plating, dilution 10 −1 and 10 −2 water samples was used. One milliliter of appropriate dilution suspension was transferred into Petri plates containing nutrient agar medium and then those plates were incubated at 37 °C for 24 h. Then, viable colonies were counted and the results were expressed in cfu/ml. Plating of water samples was performed for three times (Olaoye and Onilude 2009).
Bacterial isolation
The isolation was conducted following the methods described by Uddin et al. (2011) where spread and pourplate techniques were adopted. Isolation of pure cultures was performed by the streak plate method on nutrient agar media (pH = 7.0) and EMB (Eosin-Methylene blue agar).
To confirm purity and cell shape, Gram staining was carried out on the respective isolates. The bacterial isolates were sub-cultured on agar slants of their respective media at regular intervals to maintain viability as well as metabolic activities. After that, agar slants were stored at 4 °C. These isolates were maintained in replicates where one is used as a working culture for the identification test. On the other hand, pure colonies were preserved in liquid media containing 20% (v\v) glycerol and stored at − 80 °C until further analysis.
Characterization of isolates
The primary identification of the isolates was conducted on the basis of their cultural characteristics on agar plates and microscopic observations. Then, the secondary characterization of the isolates was performed on the basis of their biochemical characteristics, which helped in distinguishing the isolates sharing similar morphological characteristics (Williams et al. 1989; Aneja et al. 2004 ).
Biochemical detection of fecal coliform and total coliform
A most probable number (MPN) test was done to count the total coliform in drinking water samples by Mackie and McCartney (1996) method which was conducted sequentially in three phases. First presumptive test was then confirmed and the completed test was performed. Double lactose broth and single lactose broth tubes were incubated with different volumes of drinking jar water samples, such as-10, 1.0 and 0.1 ml in presumptive test. Tubes that were positive for gas production after 24 h incubation at 37 °C were incubated in brilliant green lactose bile broth for confirmed test and positive tubes were used to calculate the MPN of coliform in drinking jar water samples following the statistical table described by Mackie and McCartney (Colle et al. 1996) . Completed test was done by the inoculation in petriplates containing tergitol-7 agar medium. Finally, Gram staining was used to establish that coliforms were present in samples.
Molecular identification of bacteria, fecal coliform and total coliform
DNA extraction
Genomic DNA was extracted from drinking jar water according to Aghababaee et al. (2012) and stored at − 20 °C. DNA concentration was measured by Thermo scientific NanoDrop 2000 spectrophotometer (Thermo Scientific, USA).
PCR analysis for the identification of bacteria, coliform and fecal coliform
In this study, PCR detection of bacteria, coliform and fecal coliform was carried out using the previously published primers and targeted gene (Fatemeh et al. 2014; Aghababaee et al. 2012) . Primer specificity was determined by searching for similar sequences in microbial genome using the Basic Local Alignment Search Tool (BLAST). In each experiment, positive control was carried out as the standard genomic DNA along with sample run without DNA template as negative control element. PCR mixture, primers targeted gene name, cycling parameters amplicon size are shown in Table 1 . A PCR thermal cycler (Nyx Technik) was used for amplification and the PCR products were analyzed by 1.5% agarose gel electrophoresis.
Results
Physiochemical analysis
Commercially supplied drinking water of 38 brands was analyzed for quality assessment. The pH value of analyzed water samples varied from 6.50 to 7.50. The lowest pH value was found at Pahartoli sample ID-M21 and the highest pH value was found at Chandannagar ID-M2. TDS of all samples varied from 0 to 0.00015gm/l. As, Pb and Cr were not found in any of the water samples, but iron was detected in low concentration which was (0.02-0.05 mg/l).
Microbial analysis
As summarized in Fig. 2 ). The standard plate count indicates that the total bacterial load in the drinking water was in the ranges of 150-16,000 cfu/ml, in different areas. In this study, 11 bacterial species such as Enterobacter aerogenes, Escherichia coli, Aeromonas, Bacillus sp., Cardiobacterium, Corynebacterium, Clostridium, Klebsiella sp., Lactobacillus sp., Micrococcus sp., and Pseudomonas aeruginosa were found (Table 2) . Two bacterial species, e.g., E. coli and Micrococcus sp. showed the maximum occurrence which was 15.78 and 13.16% of total positive samples in biochemical test (Table 3) . For the identification of coliform, MPN test was done where 7 (18.42%) samples showed positive. The standard plate count indicates that the total coliform in the drinking water was in the ranges of 14-40 in 100 ml of water samples in different areas and fecal coliform was detected in 6 (15.78%) of total samples. But PCR analysis of LacZ gene for coliform and uidA gene for total coliform resulted in 10 (26.32%) positive for faecal coliform and 7(18.42%) positive for only fecal coliform (Table 3 , Fig. 2 ).
Discussion
Contamination of drinking water is one of the greatest health problems worldwide, particularly in developing countries. During this study, PCR analysis was done for the detection of prevalence of bacteria, coliform and fecal coliform using 16SrDNA, LacZ and uidA gene, respectively. The biochemical and cultural tests were also done for the enumeration of total viable count (TVC) of bacteria and total coliform count (TCC m ), and to identify the different isolates up to genus to species level present in commercially supplied drinking jar water samples.
In this study, the prevalence of bacteria in commercially supplied drinking jar water is 60.53 and 50% of total sample by PCR analysis and cultural test, respectively, in Chittagong City, Bangladesh. Imperfect personal hygiene of handlers and environmental hygiene have been reported to contribute significantly to the contamination in commercially supplied drinking water in developing countries (Dada et al. 2009; Ashbolt et al. 2004) . All these previous studies highlighted that the prevalence of indicator organisms in the water constitutes a serious threat to the community, and they asked for good manufacturing practices by the processors and handlers.
The occurrence of Enterobacter aerogenes, E. coli, Klebsiella sp. and Pseudomonas sp. during this study in drinking water is of primary importance because these constitute a major part of coliform organism. This result implies that the water samples were potentially contaminated from fecal sources and as such were not safe for consumption. Coliform is used as water quality indicator. According to WHO (2011) , the number of faecal coliforms should not be observed in 100 ml of drinking water. In this study, 18.42% drinking water samples for different areas showed that the presence of fecal coliforms (FCC), i.e., E. coli (Table 3) , indicates the contamination of drinking water. Enteropathogenic E. coli causes diarrhea, food-borne disease and vomiting (Suthar et al. 2009 ). Moreover, E. coli is also responsible for urinary tract infection. Other coliforms such as Enterobacter aerogenes, Klebsiella sp. and Pseudomonas aeruginosa are detected during this study where Enterobacter aerogenes creates food spoilage and Klebsiella pneumonia causes urinary tract infection and pneumonia. P. aeruginosa has been previously reported in the bottled water (Ahmed Ahmed et al. 2013; Svagzdiene et al. 2010) . The organism may be harmful to newborns and elderly patients because it can multiply and reach to harmful number very quickly. Moreover, being a primary cause of disease Pseudomonas aeruginosa is often identified as an indicator of other bacterial contaminations of fecal origin (Warburton et al. 1994 ). Occurrence of coliforms shows the danger of fecal contamination and the consequent hazard of contracting disease through pathogenic organisms.
Along with other microbial isolates related to public health concern, Aeromonas sp. was also detected which is known to create septicemia gastrosenterities in young children, elderly and immunocompromised people. On the other hand, Bacillus cereus, Corynebacterium and Clostridium are mainly responsible for diarrhea. Moreover, Micrococcus luteum is the second highest prevalent microorganism during this study which is a common flora (Madigan and Martinko 2005) . During this study, the bacteria found in the drinking water samples in Chittagong could be due to the sources of water used by the processors because pathogens and indicator organisms in water sources mainly depend on the intrinsic physical and chemical characteristics of the drainage system, human activities and animal sources that release pathogens to the environment (WHO 1984) .
Drinking water containing high levels of metals, such as cobalt, copper, iron, manganese, molybdenum, selenium, and zinc or toxic metals such as aluminium, arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver, may be hazardous to health. In this study, concentrations of Fe, As, Pb and Cr were measured where no As, Pb and Cr were detected in water samples. Usually high iron concentrations may not constitute a direct health risk but this could have a bad impact on odor and taste (Smedley et al. 1995) . During this study, concentrations of iron were within the limits of BDS standard. Moreover, identified pH and TDS levels were also within the limits of WHO guideline and BDS standard.
Bangladesh Standards and Testing institute (BSTI) provides guidelines and approval for the production of commercially supplied drinking water for handling, processing as well as distribution from factory to consumer. But, many of the processors fail to do so. Consequently, supplied drinking jar water is contaminated with disease-causing pathogens and bacteria. Moreover, many of the defaulting processors may not have been licensed for their operations which could be the reason for more contamination of supplied drinking water.
Conclusion
The overall study indicates that commercially supplied drinking jar water of different areas of Chittagong City contains a wide variety of enteropathogenic bacteria. So people of this region are under severe threat of water-related diseases and health risk. Therefore, the processors of commercially supplied drinking jar water of Chittagong City have to improve their processing operations, especially in terms of hygiene and to ensure strict compliance with guidelines as set by BDS standard.
